weevil (Anthonomus grandis Boheman) eradication program sponsored by the U.S. government greatly reduced
but the most common is strip tillage, which uses a seedprevious crop stubble. Weed control was based on species present bed preparation implement with in-row subsoil shanks, and tillage system. Peanut was either treated with flutolanil [3-isopromultiple gangs of fluted coulters to cut cover crop debris,
poxy-2-(trifluoromethyl) benzanilide] for soil-borne disease control
and ground-driven crumblers that till a band approxior not treated (control). Yields were sustained for 5 yr with no differmately 30 cm wide. Crops can be seeded with planter ence in peanut or cotton yields among tillage systems. Flutolanil conunits mounted on the tillage implement or as a sepatrolled soil-borne diseases and increased peanut yields, working rate operation.
equally well in all three tillage systems. Weed densities and species
One of the primary means of managing the numerous composition changed, causing more intensive and costly weed control peanut pests is rotation with annual or perennial monoin reduced and minimum tillage systems than in conventional tillage cotyledonous crops (Cox and Sholar, 1995) . Many funsystems. Spotted wilt (tomato spotted wilt tospovirus) incidence was 42% lower in reduced and minimum tillage systems than in convengal pathogens and plant parasitic nematodes that infect tional tillage systems and is now part of the recommended strategy peanut are not sustained on monocotyledonous crops. to manage the disease.
A peanut-cotton rotation was not recommended in the region before the mid-1980s (Henning et al., 1979 (Henning et al., , 1982 . The main concerns were physical interference of cotton C rop rotations in the southeastern USA have radistalks with peanut mechanization and increased incically changed in recent years. In 1985, corn (Zea dence of soil-borne peanut diseases. The benefit of a mays L.) and grain sorghum [Sorghum bicolor (L.) peanut-cotton rotation in managing peanut root-knot Moench] were the most common Georgia crops grown nematode [Meloidogyne arenaria (Neal) Chitwood] was in rotation with peanut (58%) while cotton was grown acknowledged (Rodriguez-Kabana et al., 1994) , but at in rotation with peanut much less frequently (8%) one time, cotton was considered to be an inferior rota-(W.C. Johnson III, unpublished data, 1986) . Cotton tion crop. acreage in the southeastern USA has markedly increased Cotton is now generally considered an acceptable rofrom 48 560 ha in 1983 (Snipes and Hammer, 1987) to tation crop with peanut although not as good as peren-554 420 ha in 1998 (Bass and Messer, 1999) . As a result, nial or annual monocotyledonous crops (Sholar et al., 55% of the peanut plantings are now grown in rotation 1995, Taylor and Rodriguez-Kabana, 1999) . Recent funwith cotton compared with 28% rotated with corn and gicide developments provide effective control of most grain sorghum (J.A. Baldwin, personal communication, soil-borne peanut diseases, which was not possible before 1999). Similar trends have been observed in the region.
1994. Azoxystrobin [methyl (E)-2-2-6-(2-cyanophenoxy)-The primary reason for increased cotton planting is pyrimidin-4-yloxy-phenyl-3-methoxyacrylate], greater likelihood for profit compared with corn, grain flutolanil, and tebuconazole {H-1,2,4-triazole-1-ethanol sorghum, and soybean [Glycine max and Rodriguez-Kabana, 1999 increases incidence of soil-borne peanut diseases, grow-to kill the rye cover, and seedbeds were formed with a stripers now have the means to adequately control these tillage implement (Kelley Manufacturing Co., Tifton, GA) diseases.
that prepared a 30-cm seedbed and planted to summer crops Another production practice for peanut is clean tillwith a vacuum planter. Minimum tillage systems had neither age (Cox and Sholar, 1995; Sholar et al., 1995 was to bury pathogen inoculum found on debris from 'Georgia King' (1994 -1997 and 'Paymaster 1220 'Paymaster ' (1998 preceding crops, physically preventing contact with peacotton were planted during the study at a rate of 10 kg ha Ϫ1 . 'Florunner' (1994 'Florunner' ( -1996 and 'Georgia Green' (1997 and 1998) et al., 1990) and is recommended for peanut disease control agement of peanut pests should be based (Cox and (Culbreath and Brenneman, 1999) . All plots were oversprayed Sholar, 1995 the effects of tillage on pest dynamics and crop yields
Parameters measured in peanut were midseason weed in a peanut-cotton rotation.
counts, incidence of spotted wilt, stem rot, Rhizoctonia limb rot, nematode injury, yield, and grade. Weeds were counted in two 0.5 m Ϫ2 quadrats (1.0 by 0.5 m) randomly placed adja-
MATERIALS AND METHODS
cent to the crop drill in the center two rows of each plot. Spotted wilt incidence was measured immediately before inAn irrigated field study was conducted from 1994 to 1998 at the Gibbs Farm, a unit of the Coastal Plain Experiment verting peanut while stem rot and Rhizoctonia limb rot incidence were measured immediately after inverting peanut. InciStation near Tifton, GA. The soil was a Tifton loamy sand (fine-loamy, kaolinitic, thermic Plinthic Kandiudults) comdence of spotted wilt and stem rot were measured by counting the number of disease loci in 30.5 cm of linear row from the posed of 92, 2, and 6% sand, silt, and clay with 0.5% organic matter. The site had been previously managed for general two middle rows of each plot and transforming the data to percentage infection based on total row length. Severity of peanut and cotton agronomic research. There were few weeds and nematodes, periodic occurrences of Rhizoctonia limb rot, Rhizoctonia limb rot was evaluated by visually estimating the percentage of peanut stems and leaves colonized by R. solani. and consistently severe incidences of peanut stem rot. In addition, this location routinely has severe epidemics of spotted Nematode injury was rated immediately after inverting by estimating the severity of damage to gynophores, pods, and wilt, which infects peanut, tobacco (Nicotiana tabacum L.), and vegetable crops.
roots caused by peanut root-knot and lesion nematodes [Pratylenchous brachyurus (Godfrey) Filipjev and SchuurmansThe rotation sequence used in this study was peanut followed by cotton, and starting points in the rotation were stagStekhoven]. Nematode injury was estimated by indexing 10 randomly selected plants from each plot using the following gered to separate year effects from crop effects. Three tillage systems were evaluated within each crop, and each tillage scale based on the percentage of plants with symptoms: 1 ϭ no symptoms, 2 ϭ 1 to 25%, 3 ϭ 26 to 50%, 4 ϭ 51 to 75%, 5 ϭ system was replicated four times and maintained as permanent plots for the duration of the trial. Plots in conventional tillage 76 to 100%. Peanut were dug and inverted using commercial harvesting equipment and allowed to air cure for approxisystems were seeded with rye in the fall after crop harvest, disk-harrowed in mid-March, moldboard-plowed (38 cm deep) mately 1 wk. Windrows were threshed with a commercial combine after air curing. Foreign material was removed from in early April, tilled 7.6 cm deep with a power tiller to shape seedbeds and incorporate herbicides, and both crops were samples and yields reported as clean farmer stock peanut. A 500-g subsample was removed from the yield sample and seeded in late April with a vacuum planter (ATI, Lenexa, KS). In reduced tillage systems, plots were seeded with rye graded using standards established by the U.S. Federal State Inspection Service. Grades reported included total sound mausing a grain drill after crop harvest, treated with glyphosate [N-(phosphonomethyl)glycine] (1.1 kg a.i. ha Ϫ1 ) in mid-March ture kernels (TSMK), immature kernels, and disease-damaged Cotton parameters measured were seedling disease, midcontinuing for 4 to 5 wk, and damping-off percentage was (Table 2) .
blotted dry on sterile filter paper, and incubated on water agar petri plates. Hyphae growing from tissues were transferred to
Soil Assays and Plant Isolations
potato (Solanum tuberosum L.) dextrose agar and identified. Weeds were counted in cotton using a protocol similar to Fungi cultures were isolated from 6 to 36 dying seedpeanut. Cotton yields were measured by harvesting the entire lings each year. The predominant fungus isolated early plot using a commercial two-row spindle cotton picker. Yield in the study was R. solani AG-4, but Fusarium spp. and samples were ginned and reported as lint.
Macrophomina phaseolina were frequently isolated in
Soil assays of pathogenic fungi were conducted throughout later years of the study (data not shown). Population the season each year. Ten cores, 2.5 cm diam. by 15 cm deep, density of R. solani AG-4 in the soil was greater followwere collected within the row in each plot. Cores from each ing peanut than cotton in January 1997, but there were plot were pooled, stored at 4 to 7ЊC, and processed 1 to 7 wk after sampling. Soil was assayed for R. solani AG-4 on tannic no differences between soil pathogens following the two acid benomyl agar (Sumner and Bell, 1982) with a multiplecrops at other sampling dates (Table 3) . pellet soil sampler (Henis et al., 1978) . Pythium spp. were There were no differences in populations of R. solani lanil and nontreated, but there were more Pythium spp. cfu g Ϫ1 soil in reduced tillage systems than in conventional tillage systems at three sampling dates (Table 3) .
RESULTS AND DISCUSSION
When years were combined, Pythium spp. cfu g Ϫ1 soil Statistical analysis showed significant year and tillage was less under conventional tillage than reduced tillage, system effects on cotton damping off and population but reduced and minimum tillage were not different. densities of R. solani and Pythium spp. in soil samples. These data are presented by year. However, there were Peanut Disease nonsignificant year effects on the other parameters evalSpotted wilt was 42% lower in peanut across all years uated. Therefore, these data were pooled across years.
under reduced and minimum tillage than under convenAnalysis showed a significant effect of tillage systems tional tillage (Table 4) . This is significant considering and flutolanil treatment on some peanut parameters.
there are no effective single control measures for spotted wilt in peanut. To date, spotted wilt in peanut is
Cotton Stand and Damping Off
managed by an integration of partially resistant cultivars, optimum planting date, higher seeding rates, and In 1997, cotton stands were greater in conventional tillage systems than in minimum tillage systems, but in phorate {O,O-diethyl S-[(ethylthio) methyl]phosphorodithioate} insecticide, which is characterized by the To-1998, stand was less in conventional tillage systems than other tillage treatments ( Table 2) . Application of flutomato Spotted Wilt Risk Index developed by the University of Georgia Cooperative Extension Service (Brown lanil to the preceeding peanut crop generally did not affect cotton stand (data not shown). However, in 1997 However, in , et al., 1999 . Conservation tillage was recently added to the Tomato Spotted Wilt Risk Index as a risk-reducing cotton stands were greater in minimum tillage systems following flutolanil-treated peanut. The effect was not option for managing spotted wilt. That change was based on general field observations as well as early results present with conventional or reduced tillage systems.
Postemergence damping off of cotton was low to from this trial. These data clearly show the value of reduced and minimum tillage systems for management moderate and variable during the study. In 1998, postemergence damping off of cotton was greater in convenof this potentially devastating viral peanut disease. 
Nematode Damage
Peanut stem rot severity was high every year of the study, but only low levels of Rhizoctonia limb rot were Peanut root-knot and lesion nematode populations observed. Incidence of stem rot and Rhizoctonia limb in soil, sampled during each summer, were variable and rot were not affected by tillage from 1994 to 1998 (Table  generally low throughout the trial (data not shown). 4). This is contrary to conventional thought that the Peanut pod and gynophore damage from peanut rootincreased plant debris on the soil surface in reduced knot and lesion nematodes were low to moderate, respecand minimum tillage systems would increase soil-borne tively, and did not differ among tillage systems (Table 4) . diseases. The reasons for tillage systems not affecting stem rot and Rhizoctonia limb rot are unknown. How-
Midseason Weed Counts
ever, the increased acceptance of conservation tillage coupled with increased planting of cotton in rotation
The predominant weeds present at layby were yellow with peanut does not necessarily result in increased levnutsedge (Cyperus esculentus L.), ivyleaf morningglory els of stem rot and Rhizoctonia limb rot.
[Ipomoea hederaceae (L.) Jacq.], spotted surge (EuphorFlutolanil had no effect on spotted wilt of peanut bia maculata L.), and volunteer peanut. Common berand Rhizoctonia limb rot (Table 4) . This is surprising mudagrass [Cynodon dactylon (L.) Pers.], Texas panbecause flutolanil is routinely applied to control an array icum (Panicum texanum Buckl.), Florida beggarweed of soil-borne peanut diseases, including Rhizoctonia [Desmodium tortuosum (Sw.) DC], and cutleaf eveninglimb rot. The severity of Rhizoctonia limb rot (7.4 to primrose (Oenothera laciniata Hill) were present, but 10.6% infection) was low. It is probable that, with they were effectively controlled by the maintenance greater severity of Rhizoctonia limb rot, the benefits of weed control. Weed densities and species diversity influtolanil in these cropping and tillage systems would creased as the trial progressed. be more clearly established.
Midseason yellow nutsedge and volunteer peanut Flutolanil effectively controlled peanut stem rot in all densities were not affected by tillage systems in peanut tillage systems (Table 4) . The additional organic mate- (Table 5) . Ivyleaf morningglory was a greater probrial present in reduced and minimum tillage systems had lem in conventional tillage while spotted spurge was a no detrimental effect on fungicide efficacy. Averaged greater problem in minimum tillage. across all years, peanut treated with flutolanil had 82%
Midseason weed counts in peanut and cotton did not less stem rot than nontreated peanut. Stem rot levels indicate a consistent trend, other than that weed control were exceedingly high in this trial, adding relevance to intensity escalated as the trial progressed, especially in continuous reduced and minimum tillage systems (Table  the performance 1). The research site had a history of general agronomic Flutolanil significantly increased peanut yield and crop research, which included maintenance weed con-TSMK without respect to tillage systems (Table 6 ). Flutrol with repeated hand weeding. At the beginning of tolanil effectively controlled stem rot (Table 4) , which the trial, pendimethalin [N-(1-ethylpropyl)-3,4-dimethylgenerally causes greater damage to mature pods around 2,6-dinitrobenzenamine] alone was sufficient. As the the taproot. This is likely the primary reason for greater trial progressed, sporadic weed escapes, and encroachpeanut yields, more TSMK, and fewer immature kernels ments from adjacent fields allowed weeds to increase.
in plots treated with flutolanil. Similarly, weed control intensity increased in all tillage Although cotton may not be the optimum crop for systems, escalating the cost of successful weed control, rotation with peanut, this study was initiated to collect particularly in reduced and minimum tillage systems. data on tillage and fungicide treatment because external For example, peanut weed control costs increased by forces have influenced the adaptation of a peanut-$147 ha Ϫ1 after 4 yr of reduced and minimum tillage. cotton rotation in the southeastern USA. We did not In contrast, peanut weed control costs increased by $92 observe a significant increase in peanut diseases followha Ϫ1 after 4 yr of continuous conventional tillage. These ing cotton after 5 yr of a peanut-cotton rotation. Flutochanges in weed species composition and weed control lanil effectively controlled stem rot and Rhizoctonia intensity due to continuous reduced and minimum tilllimb rot in peanut and can minimize the risk of soilage are consistent with the results of Blackshaw et al. borne diseases of peanut following cotton. (1994), Brown et al. (1987), and Schreiber (1992) .
The lack of interaction between tillage systems and High-input crops, such as peanut and cotton, give flutolanil treatment for most of the parameters meagrowers opportunities to judiciously increase weed mansured shows that reduced and minimum tillage do not agement inputs in response to changes in weed density mandate the use of flutolanil for soil-borne disease conand species composition. Liebman et al. (1996) found trol. Flutolanil effectively controlled stem rot and inthis in reduced tillage potato production, another highcreased peanut yields in all tillage systems. According input cropping system. However, increasing weed conto these data, the premise that peanut can be grown in trol inputs is contradictory to current needs in weed reduced or minimum tillage systems only with the use management for peanut and cotton. We were able to of effective fungicides for soil-borne disease control is successfully control these species in our trial but at a unfounded. Treatment decisions should be based on significant increase in cost. This trend of increasing weed field history and current conditions, rather than solely control inputs in continuous reduced and minimum tillage on tillage system. systems should be part of peanut and cotton growers'
The effects of tillage in a peanut-cotton rotation study long-term planning when deciding on tillage systems.
are of importance to growers in the region. While yields of peanut and cotton were not affected by 5 yr of unin-
Crop Yield and Grade
terrupted conservation tillage, weed control costs increased by $147 ha Ϫ1 after 4 yr of continuous conservaNeither peanut nor cotton yields were affected by tion tillage compared with a $92 ha Ϫ1 increase under uninterrupted reduced and minimum tillage systems continuous conventional tillage. However, the most im- (Table 6 ). Peanut grades were not affected by tillage systems.
portant finding of these trials may be reduced incidence 
